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SUMMARY

This studv examined the ewxtent to which undersraduate college
students were affected bv and remembered color information within
instructional materials. The five factors studied were color cod-
ability, verbal cueing, tvpe of question, stimulus silhouettes, and
promoting. These factors were included in stimulus scenes for studv
via two 16mm motion picture films.

Colored silhouettes, included in the two films, were presented
to subjects (Ss) for testing. The Ss responded to color names in
one film while in the other they responded to color patches. High
and low codable colored stimuli were included with the simnle object
and geometric shape silhouettes. Falf of the items asked color
auestions while the other half asked position questions.

In addition, half of the items were nrompted while the other
half were not. All treatment conditions were randomized throughout
each film to control for practice and fatigue effects,

Eighty--six male and female undergraduate students volunteered
for the experiment to fulfill a course requirement. They were
screened for color blindness and then randomly assigned to view
one of the two films in an experimental session.

Their scores were analyzed by a multi-factor ANOVA with repeated

measures. All factors in the analvsis were assumed to be fixed since




the levels were selected by a systematic procedure.

It is indicated bv the results that higher scores were achieved
with high codable colored stimuli than with low codable colored
stimuli, color names were not necessarilv easier to remember than
color patches, hisher scores were achieved with position items than
with color items, higher scores were achieved with simple object
stimuli than with geometric shape stimuli, and Ss scored higher on
prompted items than on non prompted items.

On the basis of the analysis of the results, differences appear
to exist between colors as they interact in instructional materials.
It is suggested that additional latency measures be made between
direct viewing of color chips and transparent color film. Thus,
statements about the effects of color codability on memorv of stimuli
could be made more reacdily., Also, it would seem that there is a
need for the dev-lomment of a color codability scale since color
codabilitv does not relate directlv to the Munsell notation system.
In addition, continued studvy of information processing would be
warranted. Finally, this research did not clarifv completely the
effects of stimuli meaningfulness on learning. Thus, further research

is needed.




TR

T

ST T TR TR e 2 T

INTRODUCTION OF THE STUDY

Statement of the Problem

It is inferred from earlier research that little is known about

the effect of color used in instructional materials upon learning

(Xanner, 1959). This research attempts to provide information con-

cerning the dynamics of coior and other selected factors which may

interact and affect learning. Its specific purpose is to examine the

extent to which undergraduate college students are affected by and

remember color information within instructional materials.

Tn examining the problem, the following questions were investigated.

1.

2,

3.

4,

5.

To what extent do colors characterized as low codable

and high codable affect learning?

Does verbal cueing or labeling of colors improve or
impede the memory process?

Is there any relationship between an individual's test
score and the subject matter selected for testing?

Are there any particular shapes or forms which seem to
be easier to remember than certain other shapes or forms?
Does a prompting condition contribute more to informa-

tion memory than a non prompting condition?

In attempting to determine answers to these questions, the follow-

ing null hypotheses were tested:

T e e g o .
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1. There is no difference between subjects' (Ss') average
performance on high codable colors as compared to Low
codable colors.

2. There is no difference between the mean criterion per-
formance of Ss who viewed Film A as compared to Ss who
viewed Film B.

3. There is no difference between Ss' average performance
on color items as compared to position items.

4. There is no difference between Ss' average performance
on simple objects; i.e., objects commonly experienced,
as compared to geometric shapes.

5. There is no difference hetween Ss' average performance
on prompted items as compared to non prompted items.

The dependent variable used throughout this study was the adjusted-
mean number of stimulus items within a treatment condition to which a

S regponded correctly.

Definition of Terms

In making the problem more specific a number of t=rms need to be
defined. The terms used in this study are defined in the following
paragraphs.

Munsell color system. The Munsell color system has been described

as a colored solid sphere with three notations: hue, value, and chroma.
Value is measured on an axis from the north pole to the south pole.

The north pole of the sphere is white and the south pole is black

with varying degrees of gray falling in between. By encircling the

sphere at the equator, one would view each hue or color at its
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highest chroma or saturation level since saturation increases as one

moves from the coreto the surface of the sphere (Kelly and Judd, 1955).

Munsell notation system. The Munsell notation system is written
in this order: hue, value, and chroma. Any given hue will vary along
a 10-point scale. Therefore, a notation of 5P 3/10 would be read as:
5P, purple at the mid point of its 10-point spread; 3, value or degree
of lightness; and 10, chroma or degree of saturation (Kelly and Judd,
1955),

Color codability. Some colors are named with a single, short

word while others require a series of words. For example, one color
may be called red; while another may be labeled deep red; and a third,
very deep red. The color name length seems to correlate highly with
the time required to recognize and to name that color. In the litera-
ture, this effect has been labeled color codatility (Brown and Lenne-
berg, 1954),

Verbal cueing. Individuals attach labels to colors, objects, and

other stimuli to help them categorize important information for future
recall and dissemination. Verbal symbols and cues seem to be the key
to efficiency in this process (Whorf, 1956).

Prompting. In this reseérch, a cue or a prompt focuses attention
and reduces uncertainty in the stimuli making it possible for the
learner to concentrate on a given aspect of the problem.,

Meaningfulness. Meaningfulness denotes the degree to which an

object, word, concept, etc. is interpretable, and its assigned role

in a language is commonly understood (Webster's Seventh New Collegiate

Dictionary, 1967).

T e b v e e
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Memory. Memory is the ability to recall infornmation that has

beer: assimilated at an earlier time (Webster's Seventh New Collegiate

Dictionary, 1967).

Stimulus scene. In this research, colored chips were cut inte a

total of five geometric shapes and five simple objects., From these
materials, four were selected randomly to appear in a specified loca-
tion on one of five distinct backgrounds. In addition, each shape or
object randomly represented one of the eight Munsell colors. These
plus the item number; a narrow black band; and the audio track, where
specified, constituted the two-second scene of each of the 320 items

found in each film. This information scene, found in all items, is

referred to as a stimilus scene.

Treatment condition. In this study, the crossing of the two

levels of ail factors A, B, C, D, and E are represented in the stimulus
scenes. Thus, the stimulus scenes embody or incorporate all of the

possible stimulus combinations. Fach possible stimulus combination is
referred to as a treatment condition, and each film has sixteen unique

3 treatment conditions.

Simple objects. In this research, this term refers specifically

to the cut-out silhouettes used; namely: dog, truck, umbrella, key,
and bird.

Geometric shapes. This term specified the rectilinear and

curvilinear silhouettes used in the present study; namely: triangle,
square, star, circle, and diamond.

Color item. In this study, a color item was & criterion question

which examined the Munsell color of a specific object or shape pre-

sented ten seconds earlier.




~5-

Film A. In the present research, this film required Ss to respond

to color questions by selecting a color from an array of eight color

names; i.e., orange, brown, etc.

Film B. In the present study, Film B is identical to Film A in

every other way except that Ss are required to respon! to color
questions by selecting a color from an array of ezt Munsell color

patches or chips.

Background of the Problem

Color may be examined under a myriad of conditions involving
many criteria. Thus, in the present study, an early decision directed
the investigator to examine the effects of color on memory. This
goal was selected since memory often is applied in instructional
objectives.

The color components chosen for study were derived from the
earlier research work of Browi and Lernebarg (1954), In their color
study, Brown and Lenneberg recognized that related colors, as per-
ceived by English-speaking individuals, are often labeled differently.
Their findings indicated that the color name length correlated highly
with the response time Ss required to recognize and to name a color.
This was their best measure of a factor which they labeled codability.

The concept of ccdability constituted a major factor of interest
in the present study. It was felt that color codability might have
an effect on memory especially since Brown and Lenneberg's Ss seemed
to have difficulty naming or coding some colors more than others.

Color also was related to verbal cueing. An attempt was made to

determine whether different verbal cueing levels affected the learning
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process. Since it was suspected that the degree of verbal cueing pro-
vided might have some effect on color stimulus recall, a decision was
made to include it as a factor in the present study. This decision

was based in large part on the theories of Kanner (1959), Whorf (1956),

as well as Brown and Lenneberg. This factor essentially was examined
through the method of color questioning used in the study; i.e., Film A
compared to Film B. Hopefully, the verbal cueing factor plus the cod-
ability factor would provide a better understanding of the dynamics
involved in the effects of color on memory.

Another factor was considered which might indicate what priorities

e b s T

individuals establish in information processing. Essentially, the
stimulus topic or information selected for testing might affect an

individual's test proficiency. Color and position questions represented

the stimuli selected for testing. In addition, this factor may have *
required the Ss to process and assimilate more of the stimulus package, 4
@ thus, preventing Ss from concentrating solely on color information.

Since color may be examined under a variety of presentation cbndi-

tions, a decision was made to consider, in a systematic fashion, the

shape or form of colors included in the study. It seemed possible
that shapes and forms might have different degrees of meaningfulness.
Since color meaningfulness has been related to response latency by
Brown and Lenneberg, then perhaps the selected shapes might affect
the Ss' utilization of color information. If given the color re-
aquirements of a stimuli, there just might be a particular shape or

object which facilitates learning more than anc‘“her shape or object.
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Every stimulus condition normally contains x-number information
parts which, when considered as a whole, affect the difficulty level
of the task and the amount of information that can be assimilated.
By introducing a cue or a prompt, one may be able to focus attention
and reduce uncertainty making it possible for the learner to concen-
trate on a given aspect of the problem. Perhaps the greater the
prompting level included in a stimulus condition the greater that
stimulus condition would contribute to information memory.

Instructional materials often contain color information which
may have unique effects on individuals. In this research, color has
been combined under as many instructional like conditions as feasible
within a single study. Thus, it is hoped that this research, first,
will help explain, to some extent, how individuals utilize color in
instructional materials. Second, how dc the unique effects of color
relate to other select variables within instructional materials?
These questions are most important for year after year educators
continue to spend additional funds for color in instructional films
and television equipment and materials. Yet, it is apparent that

little is known about the unique effects of - :lor on learning.




REVIEW OF RELATED RESEARCH AND LITERATURE

Color, a stimulus condition often found in instructional materials,
is perhaps the most striking attribute of our physical world yet is
still somewhat an unknown in its educational effects. In the litera-
ture in the field of education, there are studies in which the practical
and applied questions concerning the ability to profit from and use
color information were examined. Psychological literature aiso reveals
many studies concerned with human color perception and color memory;
research has examined questions of color recall, color impact in
illustrations, the "realism" of black-and-white film, the particular
value of color cues in learming, and other color effects related to
the individual learner. Yet, in spite of these earlier studies, re-
search findings still do not explain fully the special effects of

color in instructional materials (Kanner, 1959).

Physiological Conditions and Color

In a study by Overton and Brown (1957), the Pseudo-Isochromatic
test plates were administered to 74 Ss as a check against color
blindness. Then each Ss was asked a question about standard traffic
lights. The question was: "On most traffic lights, is the red light
or the green light on top (p. 126)?" Time required for making a color
name response was recorded for each Ss. Results showed that:

- + o Ss with some color weakness tended to give quick,

correct answers to the question about the traffic light.

In other words, there was a tendency for defective color

vision to elicit compensatory learning even in Ss who
were not aware of their slight deficiency (p. 126).
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In some studies, the age of Ss seems to have marked effects on
color-matching ability and on color-word interference performances.
Gilbert (1957) used the Color Aptitude Test to study age effects
which arise in male and female Ss in color matching. Over 350 Ss
between the ages of 10 and 93 volunteered to take the test. The Ss
were required to draw color chips randomly from a container and match
them against identical color chips mounted on a board. Each S
recorded his choice by writing the number on the back of the loose
chip beneath the one chosen on the board. Data analysis indicated

. . . a rise in separate and total color scores from the
first decade (10 to 19 year group) to the twenties with
a subsequent steady decline.

Shades of blue and green proved to be more difficult
to discriminate between than shades of yellow and red at
all ages, and the ability to discriminate between these
shades likewise showed a more rapid decline with age.

At all ages, but particularly in the sixties, wide
individual differences were found in ability to match
colors. Females showed an inconsistent tendency to
score better than males at certain decades of life and
also on certain colors (p. 215).

Contribution of Color to Realism

Rudisill (1952) studied the contribution of color to realism in
i1lustrations commonly found in children's books. The stimulus materials
were derived from five categories of illustrations; namely, an uncolored
photograph, a colored photograph, a realistic colored drawing, an out-
line drawing, and a colored drawing unrealistic in color. Three
picture themes served as content and each was "copied" in the five
varying art forms. Then several hundred K through sixth grade Ss
determined which of the fifteen pictures they liked best. She found

that a child looks at a picture first, ". . . to recognize its content,"
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and second, that ". . . any picture (assuming a certain content)
proves satisfying to the child in proportion to its success in making
that content appear real or lifelike," and third, that ". . . color
in pictures proves satisfying to the child in proportion to its
success in increasing the impressicn of realism or life-likeness
(p. 451)." The child was said to utilize color to enhance his con-
ception of reality only after earlier considerations are satisfied.

MeCoy (1962) sought to determine if "in film-mediated perception,
color is more likely than black and white to evoke an audience's
rated perception of reality in a film scene (p. 70)." Four 10- to
20-second film scenes were planned. Three of the scenes were staged
while the fourth was taken from an unrehearsed newsreel event, All
scenes were filmed in color, and both black-and-white and color
versions were printed. Sixty-one college student Ss saw all four
black-and-white scenes while one hundred and three college student
Ss were shown the four color scenes. The objective was to determine
whether each scene was real or staged. Results indicated that in
three scenes out of four the black-and-white rendition ". . . elicited
a higher percentage of responses indicating belief that the scenes
were shot from actuality (». 71)."

McCoy admitted that the findings were sketchy but concluded
that:

. . . the hypothesis that color is superior to black and

white in eliciting an audience's rated perception of

reality in film scenes is not clearly supported by the

»vidence. A slight trend, on the contrary, is evinced

favoring black and white. . . . but there might pos-

sibly be here some mild support of VanderMeer's con-

tention that when color is used in film, audiences are

less apt to take notice of, or be affected by other
cues (p. 72).
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Color or Black-and-White

Several studies have shown no significant differences in the
performances of learmer groups who viewed material either in color or
black-and-white. VandeMeer (1952) studied the effects on learning of
black-and-white and color versions of the same films in two experiments.,
In the first experiment, five color films differing in content were
shown to approximately 250 high school science students. Black-and-
white prints of the same films were shown to another 250 students.
They were pretested with an instrument that presented contents from
all the films. Then immediately after viewing each film, the Ss
were tested again with the items appropriate to each. Finally, the
combined instrument was administered about six weeks after the film
viewings. In the second experiment,

« « o Students were divided into six class sections of

appruximately forty s'udents each, and . . . odd-numbered

sect.ons saw color prints of films A and C, and black-and-
white prints of films B and D, Even-numbered sections

saw color prints of films B and D, and black-and-white

prints of films A and C. . . tests of learning were

administered immediately after each film showing but

no delayed recall tests were given (p. 4).

In all, 699 students saw the films. Results indicated that,

1. Both films produced learning.

2. There was no greater learning from the color films.

3. Information presented in the color films was remembered

longer.

4 Color films were liked better than black-and-white films.

5. Subject content had a greater effect on the liking for

a film than the effect of black-and-white or color (p. 1).
The observed differences were small and mixed. One recommendation
from the studies was "training films should be produced in black-
and-white because the increased cost of color film is not offset hy

increased learning (p. i)."
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Color Perception and Memory

One broad question that has been insufficiently studied is how
people deal with and learn from color cues in instructional materials.
Baker and Mackintosh (1955) studied the degree to which color judgments
are "functions of past color associations, 26 Ss were shown six non-
sense form-color name pairs 14 times each and then were asked to match
from memory. . . (p. 286)." They found that an individual's past
experience with color associations was one of the factors that could
be used to explain current color judgments made by an individual.

Newhall, Burnham, and Clark (1957) compared successive and
simultaneous color matching. The Ss made ten perceptual matches and
ten memory matches of each of the twenty-five test colors. Regular
binocular vision was used for the color matching. Results indicated
that memory matches were more variable than perceptual matches, and
there was a tendency for the memory colors to shift in hue and in-
crease in saturation.

In sumary,

The successive or memory method yielded (1) the higher

variability of replicative matchings, (2) the shorter

matching times, (3) systematically higher purities, and

(4) somewhat higher luminances. . . . This increased

apparent strength of the remembered colors seems to be

a direct consequence of the selectivity of memory (p. 43).

Rartleson (1960) found similar results while studying Ss' ability
to remember the colors of common objects. This ability was labeled
"memory color" and was defined as ". . . an individual's standard of
recollection for familiar objects and, because of the frequency with
which certain object-perceptions are repeated, these memory colors

probably tend to be relatively stabilized (p. 73)." He theorized that

4
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routine objects, sceies, or landscapes that have cormon visual impact
w1ll probably produce memory colors common to most people. In this
study, objects like red bricks, green grass, or evergreen trees were
named by the experimenter. Then from memory, fifty Ss were required
to select, from Munsell color patch samples, colors that corresponded
to each of the ten objects. Following this, the color selected for
an object was compared with the "natural mean" for that object. The
"natural mean" colors for the ten objects were obtained from data
collected in earlier studies. For example, the color of green
identified by Ss was compared with the "natural irean" for green grass.

From this study Bartleson concluded that,

There is evidence of increased saturation in the memory

colors. In most cases there are hue shifts with memory

in the direction of what is protably the most impressive

chromatic attribute of the object in question (p. 77).

In other words, grass was remenbered as more green, bricks more red,
etc.

In a factor analysis study, Christal (1958) hypothesized and
investigated nine factors which seerd to be related to memory ability.
One factor labeled "visual imagery" was livided into three class ifica-
tions: color, form, and position, Memory for elements in each classi-
fication was thought to be independent of the other two. One test was
developed to check for a color factor in visual memory. The test design
did not allow Ss the use of verbal associations. This test plus six-
teen others was applied to analyze the nine factors. The Ss were 718
Air Force enlisted men.

The resulting test scores were intercorrelated and a

total of 12 centrnid factors were extracted from the

intercorrelation matrix. Eleven of these factors were

rotated orthogonally. Of these four were identified
as . . . memory factors (p. 23).
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Christal, recognizing the difficulty in drawing conclusive evidence
from one factor analysis study, concluded that "memory for color
represents a special ability which is relatively independent of

associative memory (p. 23)."

The Stroop Color-Word Test

Jensen and Rohwer (1966) described the original Stroop Color-
Word test which contained three cards: ". . . a word card (W), a
color card (@), and the incongruvous color-word card (GW) (p. 37)."
Stroop's Test used five colors: purple, brown, blue, red, and

green. These colors, words, and the color-word combinations were

arranged in a 10 x 10 matrix on separate cards. The Stroop phenomena
is that it takes Ss more time to name colors than to read color names.
Stroop's studied indicated that the phenomenon also occurred with
common objects since Ss took more time to name common objects than
to read the object's name. Several similar explanations for this
pheriomenon have beern generated and are summarized by Jensen and
Poheier.

The most common explanation is that of differences in

amount of practice in color naming and word reading.

. « » Adults do not spontaneously react to every

object or color they see by giving its name, while

the mere act of recognition of printed words implies

a covert, if not overt, verbal response. Consequently

the habit strength for responding verbally to printed

words is presumed to be greater than the habit strength

for verbally responding to objects and colors (p. 55 and

563.
Color-word interference occurred when the color-word differed from
the coler of the ink in which it was presented. With the (CW) card,

Ss nearly always took twice as much time to name the ink's color than
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when the ink was presented in color patch form. Apparently the (CW)
card provides "a conflict situation . . . due to response competition
between habits of unequal strengths . . . (p. 59"

Several variations of Stroop's original test have been made.

One variation was constructed bv Thurstone and is largely the standard
form used today. In 1965, Jensen extracted color difficulty, inter-
ference, and speed factors from the Stroop device. These three
factors accounted for 99 per cent of the variance,

Further in their review, Jensen and Rohwer discussed studies
which related the Stroop test to age, sex, intelligence, and memory
variables. The age variable indicated a trend somewhat inconsistent
with the theory which traced interference to competition between
unequal habits. It was expected that increased age would bring, in-
creased interference when, in fact, just the reverse cccurred. Six
differences were found in each study that compared the sexes and
", . . girls and women are better than boys and men at color naming. . .
(p. 65)"

When aptitudes and mental ability were correlated with Stroop
scores, little relationship to intelligence was found. "There is no
reported instance of the Stroop ever having been used with Ss much
below the normal range of intelligence, and most studies have used
college students (p. 74)."

In sumary,

The evidence suggests that the Stroop scores share relative-
ly little variance in common with the perceptual and per-
sonality spheres and evince most of their relevance in the
cognitive realm (p. 88).
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Klein (1964) used a Stroop Color-Word Test variation to determine
the extent vicnds interferred with certain color naming tasks. The
meaningfulness of verbal materials .n which colors were embecded was
increased systemically. That is, six forms of the W card were made
up and could be classified as nonsense syllables, uncommon words,
common vords, words that bring thoughts of a given color, color names
not used with the colored inks and finally the typical (CW) condition.
Klein's concluding evidence indicated that interference with naming
colors increased as word meaningfulness increased.
In studying the sources of interference effects, Schiller (1966)
used a total of 240 Ss from grades 1, 2, 3, 5, 8, and 13. Each 35
read a list of forty color words which randomly contained the names
of four colors then named the colors of forty color patches which were
also arranged randomly. The Ss were assigned to one of four matched
groups. Assignment was determined by performance speed. Each matched
group was provided one cf four different test cards, and the task for
each group was to name the colors found on the card.
Op these cards words were printed in the colors red, blue,
preeni, and yellow as follows: Card A: The words RED,
BLUE, GREEN, and YELLOW were printed in incongruent com-
binations (i.e., the word red was printed in green color,
etc.). Card B: The words TAN, PURPLE, GRAY, and BLACK.,
Card C: The words LEMON, FIRE, SKY, and GRASS in incongruent
color combinations (i.e., lemon was never printed in
yellow). Card D: The consonant syllables HJH, CVGJC,
BHDR, GSXRQ. . . . The total reading time on each card
was measured by means of a stop watch (p. 106).

Data analysis indicated that words were read faster than colors were

named, and ". . . the extent of interference is minimal in 1lst graders,

hecomes maximal in the 2nd and 3rd grades, and then declines gradually
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(p. 105)," His interpretation of this finding differed from Klein's
views in that Schiller believed possibly

« « « words provide a more efficient medium for coding than
colors. This might be so because printed words have

greater redundancy. Lach letter, parts of letters, and
parts of words can provide the same or related information.
The number of letters in a word might also serve as an
important selective cue. Simultaneous processing of these
cues could result in eliciting the correct response in
minimal time. A color strip, by contrast, carries less
information and thus takes a longer time to process (p. 107).

Ziek and Weiss (1968) also studied how words interfere with the
"color-naming response." Their experiment, designed to replicate
Klein's earlier work, required the Ss to identify the colors pre-
sented on five different lists of colored material. The time requi ed
for Ss to complete a list was used to check color-word interference.

The five lists were (&) a color list, (B) a low meaningful
nonsense syllable list, (C) a high meaningful nonsense
syllable list, (D) a list of common English verbs, and
(E) a 'standard' color-word interference list. The color
list {A) was used to measure the speed of color recogni-
tion. . . . Color-word combinations on lists B, C, and D
were randomly arranged with the restriction that no word
be accidentally associated systematically with any
particular colors. List E, the color-word interference
list consisted of the names of the six ink colors--blue,
red, green, brown, black, purple--with the color names
never correctly corresponding to the ink color in which
they were printed (p. 3).

Their results, which support Klein's findings, indicated ". . . a
significant positive relationship between the meaningfulness of words
that compose a color-word list and the difficulty in identification
of the color in which the words were printed (p. 6)." Interference
becomes more pronounced as the words in which colors are embedded

becore more meaningful.
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The Effects of Verbal Cues and Color Codatiiity

o

Kanner (1968) both investigated and reviewed the use of color
in instructional materials and its effects upon learners. Findings
discussed in his literature review indicated that brightness and
contrast may have more of an effect on visibility of materials than
color. In some studies, color coding was used extensively with
serial learning.

A consistent finding is that as the number of color coded
items increases, the value of color as a cue for select-
ing important information decreases. As the total number
of items decreases, the value of color decreases. In
other words, in a very dense visual display color coding
at some minimal level helps in picking out important in-
formation, but if you increase this use of color its
value as a selection cue diminishes (p. 1 and 2).

In 1959, Kanner did two studies which compared the teaching
effectiveness of monochrome television and color television., In
both studies, two groups were matched for aptitude, and each re-
ceived the same stimulus presentation except that one group saw it
in black-and-white and the other group saw it in color. Multiple
choice tests administered immediately after the presentations were
analyzed and ". . . no significant differences were found between
groups receiving instruction by color or black and white television
(p. 4)." He attempted to explain why color has little effect on
learning by suggesting that color effects on lezrmers are intimately
related

« « o to the ability of the learmer to use verbal cues or

labels as substitutes for color. Just as we can hardle the

concepts of table, chair, or hat by the use of words, so

I believe words or labels can be substituted for the actual
perception of color by the learner (p. 5).
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The findings of Kanner and others are consistent with the
Whorfian hypothesis which indicated that thinking is influenced
substantially by the language in which it is conducted. Whorf (1956)
states that "we dissect nature along lines laid down by our native
languages (p. 212)." In other words, the lanpuage used in a culture
shapes the cognitive activity of group members. Language is thus
seen as a common or shared coding system with recognition, discrimina-
tion, and identification of objects and events all affected by the
system.

Brown and Lenneberg's (1954) results lent other supportto the
whorfian view and hypothesis. They showed that the length of a
color's name is ". . . correlated with the latency of naming response
and the reliability of the response from person to person within the
linguistic commnity and from time to time in one person (p. 462)."
Codability was the only general factor found in a factor analysis
of their measures, and the codability of a color was shown to be
related to Ss' performance in recalling the color.

Their measurement of color codability was developed by the

following method. The highest chroma colors from the Munsell series

were mounted on cards. Then from the 240 colors presented, 5 judges
were asked to select the best red, orange, yellow, green, blue,
purple, pink, and brown since these 8 English color names are used
most frequently. Judges were highly consistent in their color chip
selection, and from the 240 Munsell colors, there seemed to be 1
color chip that best represented each of the 8 basic color names.

These names were then compiled into a test list. Sixteen additional




~-20-

chips were added to the test list resulting in a balanced representa-
tion of 24 colors around the Munsell chroma wheel,

Two sets of the 24 color chips were mounted on cards. The first
set contained 24 cards with 1 color chip per card while the other
set was mounted on a larger, single card,

English was the native language of the 2u college students
selected as Ss for this study. They were screened for color blind-
ness with the Pseudo-Isochromatic Plates. Following screening, the
Ss worked with tasks involving various delays and complications.

The tasks required each S to view independently the full chart of
24 colors for approximately five minutes. Then each S was required
to view the individual color chips.

To expose the single small cards a drop shutter was

mounted in a 3 x 2-foot gray (Munsell neutral value 6,

reflectance 30 per cent) board. The board was about

three feet from the subject's (S's) eyes and was illuminat-

ed from above and behind by a General Electric standard

daylight fluorescent lamp (p. 458-9),

The Ss were then asked to name each color chip as it appeared.

'Name' was defined as the word or words one would ordinarily

use to describe the color to a friend. The Ss were urged to

be both quick and accurate (p. 459),

The Ss were timed by a stop watch and were allowed to view each color
until they said a color name. TFor all colors, the mean reaction time
was found ". . . by ranking all of the reaction times of an individual
S and taking the mean rank across Ss for every color (p. 459)." As a
result each color was assigned a codability score and rank. As the
task became more complicated, the importance of the storage factor

increased, and codability accounted for more variance in task per-

formances.
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Sumnery of Related Research end Literature

The color research literature indicat:d that we are left with
a variety of major questions that have be¢n left unanswered. How
severe are learner's limitations in using color cues from instructional
materials? Do differences exist among iidividuals in their use of
color representations from short-term or long-term memory? Do the
commonly accepted verbal labels or codes for colors affect individuals
differently? If so, what are the differences among codable and non-
codable colors? Are color cues of greater value (i.e., more utiliz-
able) in some stimulus conditions tha: in others? FHow do individuals
use or process color cues to assist in learning from instructional
materials? What special abilities, priorities, or strategies do
they employ? How is color information recoded? Does the addition
of color have motivational effects? If so, under what range of
conditions? To what extent does the addition of color help attract
attention, and what limits are there on such effects?

In sumary then, limited experimental research on color memory
effects in instructional materials is provided in the relevant
literature. Based on the evidence, it is reasonable to say that
people may reveal distinct limitations as they try to utilize color

cues in learning.
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METHODS AND PROCEDURES

Experimental Methods

In an experimental study, the researcher must make a decision
concerning what conditions will be isolated and examined. Generally,
those variables that hold some importance to the investigator and
seem to affect the process directly are identified, isolated from
other variables which may bias the interpretations, and studied.

Five such variables or factors were identified and selected for
testing through the motion-picture film medium. They seemed most
relevant to instructional practice, and they also were feasible for
consideration in a single study.

Factors Studied. The five factors selected for study were

labeled verbal cueing, prompting, type of question, stimulus sil-
houettes, and color codability. The differen.ces between the two
levels of Factor A or verbal cueing were represented by Film A and
Film B. Individuals who viewed Film A or Level 1 of Factor A
responded to color questions by selecting the appropriate color name
from a 2 x 4 array of color names. Individuals who viewed Film B
or level 2 of Factor A responded to color questionsby attempting to
seiect a color patch from a 2 x 4 array which matched the color of
the stimulus object or shape. The differences between the two films
existed only for the color test items. Both Film A and Film B
contained two levels of Factor B which is referred to as prompting.
level 1, audio prompting, was applied to half of the stimulus scenes.

The other half of the stimulus scenes, designated level 2, did not
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provide audio prompting. Factor C specified the type of question
asked. level 1 denoted 160 cclor questions while level 2 referred
to 160 position questions. For a position question, an individual
was required to choose one of four possible locations in order to
make a correct respcnse; while for a color question, he selected

one of eight colors displayed. Position test items were identical
for both Film A and Film B. The stimulus silhouettes or figures
constituted Factor D. These were arbitrarily divided into two levels.
level 1 consisted of objects: dog, key, bird, umbrella, and truck;
while Level 2 contained five geometric shapes: square, star, circle,
diamond, and triangle. Color codability was labeled Factor E. Level
1 contained four high codable colors and level 2 four low codable
colors which were selected from the Brown and Lenneberg study.

Randomization Process. All stimulus scenes or treatment con-

ditions were randomized to control for practice, fatigue, and other
effects. While randomization may not eliminate these effects, it
assumes that they will not become systematic and confounded with
treatment conditions. Thus, carry over effects which could arise
from one treatment condition to ancther were controlled through the
random’.zation process, and the same random order of stimulus pre-
sentation was identical for all Ss.

Conditions that were randomized included prompting, position
or color testing, the color specified for the object used as a
correct stimulus, the object used as a correct stimulus, the objects
selected as distractors, the colors of the distractor objects,
correct stimulus location, and the location of distractor objects.
The various conditions specified for each scene were determined by

the following method.

NIESTTI
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An arbitrary coding system was devised to designate &ll the
possible conditions that would be involved in the randomization
procedure; i.e., the prompting factor was assigned the letter B
with audio prompting being Level 1 and no prompting being level 2;
type of question asked was Factor C with color as lLevel 1 and position
as Level 2; stimulus figures were Factor D with simple objects 1
through 4, Level 1 and geametric shapes 6 through 10, level 2; Color
codability was Factor E with high codable colors 1 through 4, Level 1
and low codable colors 5 through 8, Level 2. Given code letters and
numbers such as BICZDMEG’ one could determine the components of any
given treatment condition. In order to randomize any given treat-
ment condition, the exact number of coded cards necessary was pre-
pared for each level of every factor. Since there were 10 objects,
each object would have 32 cards and each could be used 32 times as a
correct stimulus object; i.e., 10 x 32 = 320. Since there were 8
colors, each color would have 40 cards and each could be used 40
times as a correct stimulus color; i.e., 8 x 40 = 320,

A typical treatment condition was built in the following ran-
domization manner. Cards for prompting conditions, question type,
correct stimulus object, and correct stimulus color were drawn

independently from a box. First, the correct stimulus object cards

were removed randomly and recorded for each item. The same procedure
was then applied to colors. Selected stimulus object cards and
color cards were not returned to the drawing box thus allowing each
object and color to appear only a given number of times as the
correct stimulus. An additional constraint prevented the same

object or color from being used sequentially as a correct stimulus.
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Once all correct object cards had been removed, they were returned to
the box for distractor object selection as outlined bv the randomiza-
tion procedure. The selection of colors followed the same procedure.
Each object appedred randomly 96 times as a distractor throughout
the 320 items; while similarily, each color appeared 120 times as a
distractor.

Prompting conditions for each item also were determined in-
dependently by randomly selecting a card from 160 prompt cards and
160 no prompt cards. Selected prompt or no prompt cards also were
not returned to the drawing box. A somewhat similar procedure was
used to determine the type of question asked; i.e., 160 cards were
labeled color, and 160 were labeled position then onz card was
selected randomly for each of the 320 items.

Thus, the research design, as outlined in FIGURE 1, specified
the procedures for producing two 16mm motion-picture films which
will be referred to as Color Memory Study A and Color Memory Studv B.
Each color memory testing film included the five variables or factors
in a format resembling both an educational film and a test.

The Statistical Design. The statistical design used in this

studv is also illustrated by FIGURE 1. This design, a multi-factor
analysis of variance with repeated measures, is outlined by Winer in

Statistical Principles in Experimental Design (1962, pp. 319-324),

The design is such that comparisons between treatment conditions at
either level of Factor A inwolved random differences between groups
of Ss plus systematic differences related to Factor A. However, the
main effects of Factors B, C, D, and E as well as all interactions

are free of random differences between groups of Ss. The reduced
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error variance inherent in this design provided greater possibility
for detecting small or subtle differences on these factors; i.e.,

the computed F-ratios generally constitute more sensitive or powerful
tests of the hypotheses. Thus, the effect on celor memory as a
function of the effect of Factors B, C, D, and E was determined for
each S since he received all treatment conditions. Two additional
advantages also help explain the selection and use of a repeated-
measures design. First, this design permits an efficient use of Ss,
and second, in this research, order effects probebly would be small
when compared to the treatment effects.

Factors A, B, C, D, and E are assumed to be fixed since the
levels were selected by a systematic or non-random procedure. In
this research, the main effects systematically checked differences
between the two levels of each factor. In addition to differences
which may be attributed to main effects, the interactions refiect
differences between effects resulting from unique results of combina-
tions of various levels within factors. The ANOVA design is presented
in TABIE 1.

The total variatior: in criterion performance could be separated
into the two components, between and within subject variation. Thus,
s'nce certain error terms used for the appropriate F-tests required
the pooling or combining of veriance from the two groups, homogeneity
of variance was checked by using an F-max test as described by Winer
(1962, pp. 92-86). This statistic was used tc test the hypothesis

that:
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largest of k treatment variances

This statistic has the form: F max = smallest of X treatment variances

with k(n-1) degrees of freedom, where k equals 32 treatment conditions.
The items in each film were arranped randomly under the 16 unique
treatment conditicns as specified in APPENDIX A. Due to the randomiza—
tion procedure used for each factor and level elemcrnt, the unique
treatment conditions did not consistently appear 20 times. Randomiza-
tion of the 16 unique treatment cambinations found in each film,
Created 4 treatment conditions to which Ss responded 21 times, 4
treatment conditions to which Ss responded 19 times, and finally, 8
treatment conditions cn which measures were taken 20 times. This
made the potential number of correct responses unequal for the various
unique treatment conditions and thus made Ss' performances on each
type of item somewhat incomparable. Therefore, the harmonic mean
was used due to the unequal occurance of several treatment item com-~

binations. The harmonic mean n as defined by Winer (1962, p. 223) is

ﬁ*m@§+ T )

Because of the multiple choice format used in the criteria in
this research, chance responding by Ss possible might bias the findings.
For example, the 160 position items of the 320 total items required
each S to select 1 alternative from U possible alternatives. By
chance alone each S probably could get one-fourth of the 160 position
items correct, or 40 items. An additional 160 items which tested
for color of the 320 total items required each Ss to select 1 al-
ternative from a total of 8 possible alternatives. By chance alone

each S could get one-eighth of the color items correct, or 20 items.




TABLE 1

SUMMARY OF ANALYSIS OF VARIANCE

Source of Variation

Sums of Squares

daf

Mean Saquares

F ratic

Between subjects

A

Subj w. groups

Within subjects

B

AB

B x subj w. groups

C

AC

C x subj w. groups

D

AD

D x subj w. groups

E x subj w. groups

BC

ABC

BC x subj w. groups

BD

ABD

"BD X subj w.
Froups

CD

ACD
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TABLE 1 (continued)

Sums of Squares df

Mean Squares

F ratio

~CD x subj w.
groups

BE

ABL

BE x subj w.
FToups

CE

ACE

“CE X subj W,
groups

DE

ATE

DE X subj w.
groups

BCD

ABCD

"BCD x subj w.
_ ETOuWpS

BCE

ABCE

BCE x subj w.
gIoups

BIE

ABDE

"BDL X subj w.
groups

CIE

ACIE

CDE x subj w.,
Eroups

BCIE

ABCDE

BCDE x subj w.
Eroups
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Therefore, to prevent a chance bias in the data, a correction for
guessing was applied. This formula as outlined by Downie and Heath

(1965, p. 229) is:

W
Score = R - =1
the number of right answers on a student's paper
the number of wrong answers on a student's paper
the number of possible choices in the test item.

where

R
w
K

Procedures

Stimulus information may be transmitted through a variety of g
commmnication channels. One such transmission channel, or medium,

is the motion-picture film. It provides several advantages for

experimental testing. Seibert and Snow (1965) have described dif-
ferent cinematographic techniques that may be used in motion-picture
film testing. They are:

Live Action (LA), in which real events and environments
are recorded on film; Simulated Live Action (SL), in
which working models, mockups, etc. are used to re-
present and give the illusion of live action events;
Animation (AN), where single frames of objects or of
drewings are shot as still photographs but their
synthesis on the screen gives the illusion of smooth
motion or mobility; Serial Still (SS) presentations
which, while photographed in a manner similar to AN,
r(naintain a discrete, list-like structure on the screen
p. 26).

The motion-picture film medium was selected for use in the present
color memory study for reasons identified by Seibert and Snow. First,
the motion-picture can realistically visualize materials through care-
fully planned photography. The sequential characteristics of the
motion-picture medium allow precise investigation of color information
processing by controlling the critical timing requirements of stimulus

and response scenes. Also, film seems to be a natural medium especially
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when one considers the vast number of films used for instructional
purposes. In testing, film helps standardize the test by alloting

equal time for each item. It helps assure that instructions will be

identical across all groups and that experimental items may be ad-

Il Rris ot ARy

ministered to larger groups. Finally, and above all, film producers
often use expensive color in instructional motion-pictures because
they claim that color provides understanding, assists learning, and
increases aesthetic appreciation of their product.

Color Test Development. As indicated earlier, this color study

is based, in part, upon the work of Brown and lenneberg (1954),
Their color codability study provided the basis for selecting colors
included in the present study.

Eight colors were selected from the 24 ranked colors included in
1 the Brown and Lenneberg color codability study. The four colors with
] the shortest mean reaction time were picked for the high codable color
level while the four colors with the longest mean reaction time were

selected for the low codable color level. The four high codable colors

selected have Munsell designations as follows: 2.5YR 6/14, 5YR 3/u4,
SY 8/12, and SPB 4/10; while the four low codable colors are: 7.5Y 6/8,
2,5Y 7/10, SRP 6/10, and 7.5R 8/4, All eight colors were purchased from
the Munsell Color Company, and each color was on a 6" x 10" Glossy
Finish Sheet, Each color sheet duplicated as accurately as possible
one of the eight colors selected from Brown and Lenneberg's codability
study.

Guidelines were established for producing the two lémm motion-
picture films. These planning activities were then arranged into a
storyboard which was used as a guide to film all scenes. The story-

board specified background, item number, objects with colc.rs and their
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locations, stimulus or t.st scene, color or position testing, anpro-
priate audio, and frame count for each scene. A sample storyboard sheet
is presented in APPENDIX B.

Each film contained many brief scenes with each scene using one
of five standard backgrounds or landscapes. For convenience, each
background was given a simple name: Desert Cactus, Natural Arch,
Winding River, Winter Scene, and Bay Bridge. In addition to the five
standard backgrounds, ten different and appropriately-sized figure
silhouettes were designed as stimulus materials to be placed on the
backgrounds. All ten silhouettes were reproduced in each of the eight
colors for a total of eighty figures. For each stimulus scene, four
differently colored figures were presented in one of four distinct

locations: A, B, C, and D as shown in FIGURE 2.

FIGURE 2

STIMULUS FIGURE LOCATIONS

Each film contained 320 items with each item being presented in
2 parts. The first part of an item was a stimulus scene which lasted
for two seconds. Each stimulus scene had a narrow horizontal black

band with the appropriate item number printed above it. This covered
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approximately the upper one-sixth of a background. Four differently
colored figures then were nlaced in the designated locations on the

background. Audio prompting, where specified, was applied to the

sound track of the stimulus scenes. Whenever a stimulus scene appecred,

the Ss could be prompted to notice the color or location of a figure.
For example, the audio track might say, "Note the diamond's color,"
or "Note the truck's position." After the stimulus scene ended, two
other scenes appeared with the first testing for earlier information
and the second presenting new stimuius information. For example,
Ttem 10 Stimulus would be followed by Item 9 Test, then Item 11
Stimulus followed by Item 10 Test, then Item 12 Stimulus followed by
Item 11 Test, and Item 13 Stimulus followed by Item 12 Test, and so
forth. Exactly ten seconds after each stimulus scene, its appro-
priate test scene appeared, The test scene had the same item number
at the top but no black band. It used the same background as used
on the stimulus, however, it remained on the screen for eight seconds.
The possible answers to the question in the test scene were super-
imposed over the background, and a verbal question was asked. The
question tied the stimulus scene to the test scene., TFor example, the
audio track might ask, "In Desert Cactus, the position-of the diamond

was?" or "In Bay Bridge, the color of the bird was?"

As stated previously, many of the conditions for each scene
entered the storyboard by a random or forced randomization procedure.
However, certain systematic conditions were applied to each stimulus
and test scene to assist Ss in responding. The backgrounds were

designed to be distinctive, and each was given a verbal label or name
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early in the filmed instructions. The five backgrounds for either
stimilus or test scenes always appeared in this predetermined order:
Desert Cactus, Natural Arch, Winding River, Winter Scene, and Bay
Bridge. In addition, a background that appeared with a given stimulus
item always appeared with the test scene of that item.

The item numbers appeared in the consistent order 1 through 320.
An identica'. item number was used to link each test scene with the
appropriate stimulus scene. As described earlier, all stimulus scenes
had a narrow black band just below the item number, but teci scenes
did not have this black band.

The frame count and timing also were consistent: for stimulus
scenes, 48 frames equaled 2 seconds, for test scenes 192 frames

equaled 8 seconds. A total of 53 1/3 minutes of color film was used

in each film to present all 320 items.

The color names used in the test scenes of Film A were selected
4 by a group of 34 judges. Each judge was asked, individually, to
determine appropriate names for each of the eight color chips displayed

on a white poster board. They were asked to record their lst, 2nd,

and 3rd choices for each chip. A sample recording sheet is located

f in APPENDIX C. There was high agreement among judges for seven of
the eight colors; for example, Color A received 22 votes for yellow,

1 for mustard, 1 for bright yellow, etc. Names selected by the judges

for each color chip are listed by ranking in APPENDIX D. Then, the

color name receiving the highest ranking was selected and used in *he
test scenes of Film A. These color names appear with their Munsell

notations in APPENDIX E.
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Fach film was planned to be a packaged, self-contained experi-
mental session and the screening was to provide raw data from each group
all in the space of little more than an hour and a half.

Film Production. The Audio Visual Production Department of

Purdue University provided the Oxberry Animation Camera and Stand for
the filming, With this equipment, the number of frames or timing
required for each scene can be filmed accurately.

Three short, pilot films were made to determine appropriate light-
ing, f-stop setting, stimulus and test scene lengths, and other con-
siderations such as the time span to include between a stimulus and
test scene.

The actual filming of the stimulus and test scenes was done at a
height of 2568 as measured by the Oxberry elevation counter which
corresponds to an Oxberry ten field. Before each filming session,
the lamps were adjusted to a 500 reading on the Sckonik light meter.
Then the lamps were checked every hour for a possible drop in light
intensity. The camera f-stop was always set at f.8 with the dissolve
control at full open. The f.8 stop seemed to provide the best com-
promise for color saturation and contrast. Before the shooting of
each scene, the Oxberry frame counter was reset to provide the exact
timing.

The original film stock used was Ektachrome Commercial Type 7255.
The same stock number was used for all scenes except the instructions
and approximately 40 items in Film B which had to be retaken.

Other variables that could affect filming were controlled as much

as possible. The same camera lens, focal length, lamp type, and

b { Cad
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gener -1 equipment were used throughout the filming process. Also, the
temperature and humidity of ‘the filming room were controlled.

The Recording Studio of Audio Visual Production Department was
used to record the sound. The audio track was prerecorded on magnetic
tape and trensferred to magnetic film. After the original color film
had been processed, the magnetic film was edited to the original film
footage thus placing each audio statement in its proper location.
Normally, all editing is done with a "work print," however, since the
color picture needed relatively 1ittie editing and the audio track did
not require "lip synchronization," audio editing was made directly to
the original film stock.

Planning, pilot work, and editing to original film steck greatly
reduced the expenses normally incurred in color film production. All
of the original film, when processed, had deeper saturation and more
contrast than the original Munsell color chips. This was according to
plan since a film print generally is lighter than the original film
stock. The first film print, reproduced from the original film stock,
was lighter in color and closely matched the original color chips.
Deluxe General Inc., the filim processing company, provided the aiccept-
able first print which was done on Color Reversal Type 7387 Film.

It was used as the experimental treatment condition for this study.

The Sample. The Ss used in the pilot and experimental sessions

were male and female Education and Irtroductory Psychology students.
The first pilot session consisted of 33 male and female junior and
senior students who were enrolled in an Introductory Audio Visual

Education Course. This pilot run revealed a major flaw in the
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design of the filmed color test and test booklet. The Ss could, with
the test booklet designed for the study, respond ahead of time to any
prompted item well before the approoriate test scene for tha* item
appeared on the screen. Thus, a decision was made to run the first

two of the four experimental sessions as additional pilot studies in

an effort to determine how this flaw could be controlled and alsc

to standardize the instructions. The vandendy assigred Ss used in

the last two pilot sessions were 108 male and female Introductory
Psychology students. The final two pilot zessions revealed that shields
should be developed and used for the oo upcoming experimental sessions.
The 5" x 7" shields which concealad upcaning test items would not

give Ss an opportunity to respond ahead of time and would force the

SS to keep pace with the film. A center slot permitted responses

just to the question that appeared on the screen. The Ss in the two
Lxperimental Sessions were told that the shields would prevert them
from losirig their places in the test booklets.

All Ss in both the pilot and experimental sessions were screened
for color blindness with the Pseudo-Isochromatic Coler Plates. The
color' blind Ss were rejected, however, they were allcwed to take the
test and later their data were dropped from the experimental study.

The Intreductory Psychology male and female students whe volun-
tarily took part in the two experimental sessions were in the experiment
to fulfill a course requirenent. They were randomly assigned tc one
of the two erperimental sessions. Earh S was required to respond to
the information presented in each stimulus array. The data from 86

Ss, 43 in each experimental session, were used for analysis work.
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The Exnerimental Sessions. An Audio-Visual Center auditorium,

Room 57, which seats 99 neople was usecC as a viewing room for all
sessions. An attempt was made to control important viewing variables
within that room. Before the start of each session the rheostat
lights were luwered to one foot candle as measured by the Photovolt
Model 200 A Light Metering System. This measurement was taken from
the center of the room.

A Gener: CZlectric CYS 1200 watt projecticn lamp and a Bell and
Howell, Model 550, Filmscund Speciaiist Projector were used to screen
the films for ell sessions.

As the burming timc of a projection lamp lengthens, the pos--
sibility of a light intensity drop increases. This could couse a
color- shift tc cccur on the screen. Becéuse of this, the projection
lamp was replaced at the start of each ewperimental session.

A permanentlv mcunted linticular screen was used for all sessions.
A Linticular screen is ideal for an auditorium the size of koom 57.

The Ss were assigned to specific seats iz Room 57 and were
spaced one seat apart. The temperature and humidity in the 100m were
oontrolled automatically and variation from session to session was
minimal, |

The coversheet plus the first page of the response sheets for
both Films A and B are shown in APPENDIX F. The response sheets
were designed to be simple to use. Adequare space was provided
between items, and generally the same number of items appeared in

each coium of each sheet,
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Before the filmed instructions were shown in each session, the
Ss received the following description of the study. "The purpose
of this study is to examine how individuals are affected by and will
remember color and location information in instructicnal materials."
The Ss were then informed that the film was difficult and they must
concentrate on each stimulus item. Following this brief introduction,
the filmed instructions were shown. The instructions explained the
backgrounds, objects, color, prompts, audio questioning and timing
procedures. As nearly as possible, all Ss received identical in-
structions. Following the pilot runs, the verbal instructions and
procedures were set up in "check list" form end followed for each
experimerital session. However, Films A and B used separate filmed
instructions. In Film A, each color was labeled, and the names were
discussed in the filmed instructions. The Ss who viewed Film B were
required to respond to color patches not names, therefore, Film B
instructions did not mention color names. Other than this exception,
the verbal and visual instructions to all experimental Ss were the
same. Then, the instructions were followed by ten example items.
After the filmed instructions and example items, all experimental Ss

received final verbal instructions. These are listed in APPENDIX G.
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The criterion variable used throughout this study was the adjusted-
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mear mber of stimulus items within a treatment condition to which a
S onued correctly. In this study, « o had to respond to questions
#Hich reguired the recall of either a stimulus color or a stimulus

prsition 1lscatlon that praviously had been encountered in a stimulus

or information scene. The nature of the item, color or position, was

made known by the audio portion of the response scene.
The data collected were statistically analyzed in terms of the

five predicted hypotheses established for the research. After due
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consideration of the purely exploratory nature of this research, it
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was Jecided a priori that the .05 level of confidence would be uced

L

for the tests of the five null hypotheses. However, when a main

effect or an interaction was significant at the .01 level of con-

fidence, it is so noted.

As stated in The Statistical Design, a mylti-factor analysis of

variance with repeated measures on each subject was selected to
analyze the data. One of the assumptions underlying this analysis
was the homogeneity of variance. For the ANOVA in this research,
certain specified parts of the within subject variation were used
as the denominators for appropriate T-retios. Since the error terms

used required the pooling or combining of variance from two groups,
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homogeneity of variance was checked. TABLE 2 is used to show the

treatment of this data. The hypothesis tested was that

R 6}2,, where k equaled the 32 treatment conditions.
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TABLE 2
THE F-MAX TESTS

Results of F-max tests of homogeneity of variance on camponents

that were pooled to form error terms used in ANOVA.,

General Formula (Subjects within group pooling):
_ Maximum (SS subjects within Group i)

Frax = MinTmam (35 subjects within Group 1)
549744 _ .
F - m - 1016 (n.S.)
3 .99 (2.42) = 1.96
max

General Formula (Treatment by subjects within group pooling):
_ Maximun (SS, x subjects within Group 1)

F
max  Minimum (SS 5 X subjects within Group 1)
: s _ 1025.27 _ .
1. B x subjects within Groups. Frax © “B35%g - 1.28 (n.s.)
2. C x subjects within Groups F = 238,70 _ 1.06 (n.s.)
' J Uups. max - JBL.65 - 1 +S.
3. D x subjects within Groups F = 189.66 _ 1.09 (n.s.)
: ] ups. max ~ 173.61 * *ee
4, E x subjects within Groups F = L4719 1.01 (n.s.)
. J * upsS. max 145,04 * *ee
5. RC x subjects within Groups. F__ = <2202t . 7.91 (n.s.)
. ] ups - max _ 2u5.74 <o °Se
6. BD x subjects within G F o= 28Tl (nus.)
. X S ]eC S Wl in IOUDS. max - m - . oo
7. CD x subjects within Growps. F__ = -2/l . 118  (n.s.)
* J »TOUpS. max  db42.41 * *=
8. BE x subjects within G F =292 135 (n.s.)
. L XS jeC S Wi in mUpS. max - “"m - . \Il. .
9. CB x subjects within G Fo= 22359 9 (ns.)
. B X subjects witThin Lroups. mx-—i-ﬁm- . eSey
10. DE x subjects within Groups F = _Li2.37 = 1.01 (n.s.)
g Mt ups. max  14l.11 °° )

*F .99 (2,42) = 1.96
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TABIE 2 (continued)

BCD x subjects within Groups.
BCE x subjects within Groups.
BDE x subjects within Groups.
CDE x subjects within Groups.

BCDE x subjects within Groups.

*F .99 (2.42) = 1.96
max

(n.s.)=

(n.s.)

(n.s.)

(n.s.)

(n.s.)
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As 1s shown in TABLE 2, this hypothesis was not rejected. Thus, the
assumption of homogeneity of variance was reasonable and the assump-
tion was made that the corresponding variations were equal.

The harmonic mean was computed and is 20, The computational
work is presented in APPENDIX H.

Before the data were subjected to analysis, they were adjusted
by correcting for quessing. As indicated earlier, the color item
questions had eight possible alternatives while position items only

had four possible alternatives, thus biasing of the data, due to

chance responding (guessing) could affect systematically an individual's

score, yielding more position items correct. TABLE 3 is used to
show the basic ANOVA statistical design plus the pre-adjusted-means
and the means which were adjusted by the correction formula. The

adjusted-means were used in the ANOVA.

Results of the Predicted Hypotheses

The ANOVA summarized in TABLE 4 utilized Ss' adjusted-mean
correct responses for each of the treatment conditions outlined in
TABLE 3. The F-ratios reported in the ANOVA summary were used to
test the five null hypotheses. As the data presented indicated,
four of the five main effects and several interactions were signi-
ficant. The four significant main effects were color codability,
topic or information tested, stimulus meaningfulness, and prompting
factors. Each level within these four significant factors plus the
significant interactions were inspected to locate the direction and

nature of these differences.
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Factor L tested the first null hypothesis and based on the data,
it was rejected. There were relevant and significant differences
between Ss' average performance on high codable colors as compared to
low codable colors. As indicated in the table, performance on items
testing Level 1 or high codable colors differed significantly from
level 2 or low codable colors. It was indicated in this result that
stimulus materials presented in high codable colors were remembered
better than stimulus materials which appeared in low codable colors.

The second null hypothesis was tested by Factor A, the verbal
cueing factor, and it was found to be nonsignificant. There were no
major differences between the average performance of Ss who viewed

Film A when compared to Ss who viewed Film B. Thus, Factor A revealed

no significant difference in learning between the two methods of
color questioning used in this study. For each Film Level, the
stimulus and test conditions were presented via the same mode.

A test was made on the third null hypothesis or Factor C. This
test checked differences between Ss' average performance on color
items as compared to position items. Significant differences were

found between the two stimulus topic levels tested in Films A and B.

Thus, the third null hypothesis was rejected. The evidence seemed
to support the notion that position information is prcoessed and
remembered more than color information.

g The stimulus shape or form factor, labeled Factor D, was tested.
This was a test of the fourth null hypothesis of no difference be-
tween Ss' average performance on simple objects as compared to geo-

metric shapes. As indicated in TABLE 4, Level 1, simple obiects,
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TABLE 4
SUMMARY OF ANALYSIS OF VARIANCE

Source of Variation Sums of Squares af Mean Squares F ratio
Between subjects
A 55.8 1 55.8 1.5
Subj w. groups 3187.7 84 37.9
Within subjects
B 58513.6 1 58513.6 26Ul 2%k
AB 189.8 1 189.8 8.6
B x subj w. groups 1858.8 84 22,1
C 423.1 1 423.1 61,2%%
AC 5.3 1 5.3 .8
C x subj w. groups 580.3 84 6.9
D 285.7 1 285.7 66,1%%
AD 1.2 1 1.2 .3
D x subj w. groups 363.3 84 4.3
E 278.5 1 278.5 79.8%%
AE 12.1 1 12.1 3.5
E x subj w. groups 293.1 8u4 3.5
BC 235.3 1 235.3 36,5%* g
ABC 11.0 1 11.0 1.7
R:;f;gs] W 542.2 8y 6.5 |
BD 17.9 1 17.9 3.6
ABD 7.1 - 7.1 1.4
~ BD x sbj w. 414.9 8l 4,9
FXOUpS
Cch 65.8 1 65.8 17.8%%*
ACD 4.8 1 4,8 | 1.3
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TABLE 4 (continued)

Source of Variation Sums of Squares df Mean Squares F ratio
CD x subj w. 310.3 3 3.7
groups ‘
BE 2.0 1 2.0 oM
ABE 21.3 1 21.3 4, 5%
" BE x sub] wW.
395, gu 4,7
groups !
CE 12.1 1 12,1 3.5
ACE 25.4 1 25.u 7.3%%
CE x subj w. 293,14 8l 3.5
groups
DE 0.0 1 0.0 0.0
ADE 14.9 1 14.9 4 4%
DE x subj w.
groups 28u4,1 84 3.4
BCD 70.3 1 70.3 18,.8%%
ABCD M 1 oA .1
BCD x subj W.
groups 31u4,5 8u 3.7
BCE 29.9 1 29.9 B.1%
ABCE 23.8 1 23.8 4,8%
BCE x subj w.
Toups 415.4 8u 4,9
BDE 13.2 1 13.2 2.1
ARDE 6.3 1 6.3 1.5
BDE x subj w. 349.7 8l 4.2
groups
CDE 206.5 1 206.5 61,2%%
ACDE 7.4 1 7.4 2.2
CDE x subj w. 283.3 84 3.4
—_ FrOUDS
BCDE 53.u4 1 S53.4 12,2%
ABCDE 1l.b 1 1l.4 2.6
BCDE X subj w
- 366, 84 4.4
groups 2
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TABLE 4 (continued)

Significant at .05 Level of Confidence

%
b
1

Significant at .01 Level of Confidence
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TABLE 4 (continued)

b
]

Significant at .05 level of Confidence

A
)
P,
*

"

Significant at .01 lLevel of Confidence
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differed significantly from Level 2, geometric shapes. Thus, this null
hypothesis was rejected. The evidence indicated that there was a
difference in the degree of stimulus meaningfulness. The Ss remembered
more simple objects than geometric shapes.

The fifth null hypothesis, labeled Factor B, checked for dif-
ferences between Ss' average performance on prompted items as compared
to non prompted items. As indicated in TABLE 4, lLevel 1, prompting,
differed significantly from Level 2. Therefore, the fifth null
nypothesis also was rejected, The effects of prompting were the most
striking feature of the over-all study. Even with shields, the Ss

did much better on prompted items than non prompted ones.

Tests of the Non-Predicted Interactions

Numerous statistically significant interactions appeared in the
data from the experimental sessions. Each of the significant inter-
actions, noted in TABLE 4, has been plotted and is presented in
FIGURES 3, 4, 5, 6, and 7.

The significant two-way interactions are plotted in FIGURE 3.
The AB interaction indicated that the Ss did better on prompted items
in Film A than on prompted items in Film B. A small reverse trend
for all non prompted items appeared. For the AB interaction Ss
seemed to do slightly better on non prompted items in Film B than
in Film A. The plotted BC interaction suggested that under all
prompting conditions the Ss consistently responded corvectly to more
position questions than color questions. Under all non prompting
conditions, the above trend also was evident, however, to a much
lesser degree. A significant two-way interaction between Factors C

and D also is illustrated by FIGURE 3. The graph denotes that Ss,
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wnder conditions requiring responses to color questions, received
higher scores with simple object stimuli than with geometric shape
stimuli. Under conditions of position questioning, this tendency
was not as great. Thus, under conditions requiring responses to
position questions, the Ss did almost as well on geometric shape
stimuli as on simple object stimuli.

The prompting factor was prominent in the significant three-way
interactions. They have been plotted and are found in FIGURES 4 and 5.

The plotted BCD interaction illustrates that under these condi-
tions the Ss' mean score was higher for prompted items than for non
prompted items. In addition, the Ss consistently responded higher on
nosition questions than on color guestions. Under conditions of
prompting and when a color question was asked, the Ss' mean responses
were higher for simple object stimuli than geometric shape stirmuli.
However, under conditions of prompting and when a position question
was asked, the Ss' mean responses were highly similar for both simple
object and geometric shape stimuli. This tendency was not consistent
under ron prompting conditions. For the non prompted items the Ss'
mean responses also were higher for simple object stimuli than geo-
metric shape stimuli. However, this tendency also held for position
questions.

The plotted ABE interaction indicates that under these conditions
the Ss scored considerably higher on prompted items than on non
prompted items. Mean scores plotted for the prompted items of Films
A and B indicate that under either high or low codable colored stimuli
the Ss who viewed Film A had higher scores than the Ss who viewed

Film B, The reverse was evident for non prompted items. The mean




53~
18-
A
16+ ‘
o // \\ E, /,A
14+ ',"' A: ---------- ° ///
‘I"‘ 81 B v’ 81
nfd O 1 "
104
84
61
44
B2 A & B %
2_1_ D['i el s‘ ----- b2 E] 2-—-—.
hom— - AT—iz-- I
Dz E
— | | | ] I
C C. E; E; C C.
BCD** ABE* BCE*

*Significant .at the .05 level of confidence.
«*Significant jat the .0l level ‘of confidence.

Ay - Film A : C2 - Position Question

Ay - Film B D, - Simple Okjects

B, - Prompt D, - Geometric Shapes

B, - No Prompt E, - lHigh Codability-

¢y - Color Question E, - Low Codability
FIGURE 4

CELL MEANS PLOTTED FOR THE BCD, ABE, AND BCE

SIGNIFICANT THREE WAY INTERACTIONS




T

18-

164
144 3
124 ]
104 Eq D, Eq o, E1 ;
Al g / \ D1 .N ‘,‘
"’ ..~~ ', N
81+ o° Az ,.O"‘ D, TSvee .\. y/’ D/ A
* E T o L
6-4- Ax 2 2 Ez Dz D2 Ez
41+ :
2___.
—
cl c2 cl cz Al AZ Al AZ cl C2 cl cz
ACE** ADE* CDE™*

*Significant at the .05 level of confidence.
**Significant at the .01 level of confidence.

Al - Film A Dl - Simple Objects

Ay - Film B D2 - Geometric Shapes

C1 - Color Question E, - High Codabiliity

Cz - Position Question E2 - Low Codability
FIGURE 5

CELL MEANS PLOTTED FOR THE ACE, ADE, AND CDE

SIGNIFICANT THREE WAY INTERACTIONS




55—

scores plotted sor the non prompted items denote that under either

high or low codable colored stimuli the Ss who viewed Film A had

lower scores than the Ss who viewed Film B. The same plots show

that under prompting conditions for Film A, the Ss' mean score was

5 x bl By e

higher for high codable colored stimuli than for low codable colored ]
stimuli. Under prompting conditions for Film B, this tendency was

not as great, Also, under this condition the Ss' mean score on low :,4,

codable colored stimuli nearly matched their mean score on the high

codable colored stimuli. Under the non prompting condition and for

both Films A and B the Ss' mean score was consistently higher for
high codable colored stimuli than for low codable colored stimuli.
The plotted BCE interaction shows that Ss! r.nean score was con-
siderably higher for prompted items than non prompted ones. This
plot shows that Ss did better with position questions than color
questions under prompting conditions. In addition, Ss' scores were

higher when high codable colored stimuli were used rather than low

codable colored stimuli, regardless of the type of question asked.
FIGURE 5 illustrates other significant three-way interactions,
however, these did not involve the prompting factor. It is indicated
in the plotted ACE interaction that, in each film, and under either
conditions of high codable colored stimuli, or low codable colored
stimuli, the Ss' mean score was higher with high codable colored
stimuli than low codable colored stimuli. When high codable colored
stimuli were used with both color and position questions the Ss!
mean scores on all questions were higher for Film A than for Film B.

However, when low codable colored stimuli were used with both color

and position questions the Ss' mean scores were higher on color




-56-

questions for Film B than for Film A. The reverse was true for
position items when low codable colored stimuli were used,

The AIE interaction was plotted and appears in FIGURE 5. The
graph denotes that in each film and under either conditions of high
codable colored stimuli or low codable colored stimuli the Ss' mean
scores were higher for questions requiring responses to simple objects
than for questions requiring responses to gecmetric shapes, The
highest plotted mean score was under conditions of Film B with high
codable colored and simple object stimuli. The lowest plotted mean
Score was under conditions of Film B with low codable colored and
geometric shape stimuli.

'I’hé CIE interaction was plotted and also appears in FIGURE 5.

It i shown in the graph that under conditions of high codable

colored stimuli and when a color question was asked, the Ss' mean scores
were higher for simple object stimuli than for geometric shape stimuli,
Fowever, under conditions of high codable colored stimuli and when a
position question was asked the Ss' mean scores were lower for simple
object stimuli than for geametric shape stimuli., Under the low cod-
able colored stimuli this reversal did not appear.

FIGURES 6 and 7 represent tie two significant four-way inter-
actions. The ABCE four-way interaction was plotted and is illustratzd
in FIGURE 6. In this graph the high and low codable colored stimuli
were plotted under conditions of Films A op By promptirg or non
prompting, and color or position questioning. The Ss' mean scores
were higher for prompted questions than non prompted questions under
any combination of Film A or By high or low codable colored stimuli,

and either color or position questions,
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The BCDE four-way interaction was plotted and is found in FIGURE 7.
In this graph the high and low codable colored stimuli were plotted
under conditions of prompting or non prompting, color or position
questioning, and simple objects or geometric shapes. The Ss' mean
scores were higher for prompted questions than for non prompted
questions under any combination of questioning, high or low codable

colored stimuli, and simple object or geometric shape stimuli.

Interpretations of Findings

Color codability. Brown and Lennebergs fifidings indicated that

color name length correlated with the time Ss required to recognize

1 and respond to or name a color. Based on these response latencies,

| they labeled this factor "color codability." Results in the present
study indicated that high codable coloredstimuli were selected correct-
ly more often than low codable colored stimuli. Thus, these results
support, in part, Brown and Lenneberg's earlier research.

A check of the BCE interaction under prompting conditions

FTNS RGO T e Qe L O

! indicated that the distance between points representing the high cod-
able colored stimuli and the low codable colored stimuli was greater
for the color questions than for the position questions. Thus, dif-
ferences between performance on high and low codable colored stimuli !
; were reflected under unusually easy conditions; i.e., under prompting
and when color questions were asked. This trend was not evident for
non prompted items., Perhaps differences in the trends between

prompted and non prompted items were due to the relative low scores

on non prompted items. It could have been impossible for trends to
show when scores were 0 close to zero, as under non prompting, and
by the same token when scores were unusually high as under prompted

conditions.
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The significant CDE interaction showed that under conditions of
high codable colored stimuli and when a color question was asked,
the Ss' mean scores were much highe: for simple object stimuli than
for geometric shape stimuli. However, under conditions of high cod-
able colored stimuli and when a position question was asked the Ss!
mean scores were lower for simple object stimuli than for geomstric
shape stimuli. Under the low codable colored stimuli,' this reversal
did not appear. However, for color questions, the spread between
points representing scores of simple objects and geometric shapes
was not as great as it was for position questions.

It was indicated by the data that in most instances Ss scored
higher on high codable colored stimuli than on low codable colored
stimuli. However, there was a wider spread between points represent-
ing scores of the high and low codable colored stimuii under condi-
tions of Film A with prompted color questions. In other words, high
codable colors seemed to be most effective when there is a prompted
stimuli, a color question, and Ss responding to an array of color
names.,

The effects of color codability as defined by Brown and Lenneberg
may have contributed to these findings. However, the colors used in
the present study were checked against the Munsell notation scheme.
The check revealed that the four low codable colors appeared to be
on the average lighter in value than the high codable colors. In
addition, the high codable colors appeared to be on the average
higher in saturation than the low codable colors. In summary, it

seemed that there may be basis to differentiate cue value of colors;
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yet it has not been determined from this study exactly what aspect of
color is being utilized by individuals in a learning environment.

Verbal cueing. According to Whorf, a language used or shared by

individuals provides an essential coding system for efficient recogni-
tion, discrimination, and identification of stimuli. Past research
by Jensen and Rohwer with the Stroop Color-Word Test generally agreed
with Whorf's views., Their findings generally indicated that it took

adult Ss more time to name common objects than to read the obiject's

name. Jensen and Rohwer suggest that the verbal habit strength of
responding to printed words is greater than the habit strength for
responding to the actual cbjects or color patches.

In this research, differences in performance on named and non-
named colors were not significant, However, when responding only
to color questions, the Ss did slightly better over-all with color
nares than color patches. Perhaps, inthe present study, responding
to non-verbal stimuli was somewhat easier than under research condi-
tions reported in previous studies. The Ss might have found it easier
to match the color patch, rather than the color name, to the appro-
priately colored stimuli which had been presented immediately before
hand. Evidence to support this idea was found in the AB two-way
interaction. Under non prompting conditions, Ss did better on Film B,
color patches, than Film A, color names. The ABE three-way inter-
action also illustrated that under non prompting conditions and under
either high or low color codability levels, Ss had higher scores on
Film B, color patches, than on Film A, color names. Thus, under

moderately difficult conditions, it was easier to match colored
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stimuli to color patches than to color names. This could be due to
similarity of format or eidetic memory which allowed the Ss to re-
construct the array. Thus, Jensen and Rohwer's findings may not be
comparable in the presentxs\tilj/.

Another factor which may have had some bearing on the over-all
lack of differences in Ss' performance between Films A and B was
that among Ss there may have been disagreement as to the color names
selected by the experimenter for the low codable colors. This con-
flict may have lowered the Film A scores. However, Ss may have been
in greater agreement with the color names selected for the high cod-
able colors. This was illustrated by the ACE three-way interaction
which showed that for low codable colored stimuli, about which color
questions have been asked, Ss did better matching color patches than
color names. The ACE interaction also showed that for high codable
colored stimuli about which color questions were asked, Ss did
better matching from color names than from color patches. Thus,
perhaps memory matching of low codable colors; i.e., colored patch to
colored stimuli under Film B conditions; was easier than matching
selected low codable color names to colored stimuli as found under
Film A conditions.

Information Processing. Information processing priorities that

individuals might establish were considered in this study. Apparently,
as results indicated, the stimulus feature selected for testing was
related to Ss' test performance.

Over-all, the Ss received higher scores on positicn questions
than on color questions. This also was noted in the numerous inter-

actions which were found to be significant. These interactions
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indicated that, under prompting conditions, Ss' mean scores on
position questions were considerably higher than their mean scores on
color questions. Under non prompting conditions this degree of dif-
ference between color and position mean scores was not as great.
Again, perhaps these differences between non prompted and prompted
items were due to the relative low scores on non prompted items and
the high scores on prompted items. Thus, the "true" trend may be
distorted by the polarity of scores.

The significant CDE three-way interaction indicated that Ss
responded better to color questions than to position questions under
conditions of high codable colored, simple object stimuli. A
similar tendency was noted in the data from the prompted high codable
colored simple object stimuli items in the more complex four-way
interactions.

Thus, under conditions of this study, it appeared that Ss generally
attended to selected aspects of the stimulus field in an order of
priority that would maximize their "payoff." It appeared that Ss
utilized features which they felt they would most likely get correct
because of reduced information processing requirements. First, they
concentrated on prompted items since they would most likely get them
correct. Second, Ss attended to position information, and finally,
they quickly scanned colors. Even though many Ss may have over
concentrated on the prompted items, this still did not account for
the differences between position and color questioning. Perhaps Ss
became discouraged with color items since they had to select one of
eight color altematives when presented with color questions. Thus,

position items may have "seemed" easier to the Ss since they had to
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select one location from only four alternatives; i.e., less work.

However, it may be that position information more nearly matched
the kinds of test questions Ss have experienced in the past. Color
information, on the other hand, may have been less relevant in their
previous testing experience. Support for this idea was presented by
Otto and Askov (1968) since they cited seweral instances in past re-
search where Ss preferred form or object cues over color cues.

Object Meaningfulness, In the present study, two different

classifications of objects were included to see if shapes and forms
have different effects on memory. The shapes selected for the study
did affect Ss' utilization or memory of stimuli information. It
appeared that, over-all, Ss were responding significantly better to
simple object stimuli than to geometric shape stimuli.

The CD interaction illustrated that, for color questions in
this research, Ss had higher scores for simple objects than for
geometric shapes. In addition, there were greater differences
between simple objects and geometric shapes on color questions
than on position questions. The BCD interaction illu§trated that,
for color questions, the spread of scores between simple objects
and geometric shapes was greater for prompted items than for non
prompted ones. The CDE interaction illustrated that, for oolor
questions, the spread of scores between simple object stimuli and
geometric shape stimuli was much greater when high codable colors
were used than when low codable colors were used,

Based on the higher recall for simple object stimuli, one
might assume thét the simple cbject stimuli were easier for the Ss

to remember than the geometric shapes. If they were easier to

ol
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remember, then perhaps they were more meaningful to the Ss. Thus,
Ss may have had more meaningful past experience with objects similar
to the simple object stimuli than with objects similar to the geo-
metric shape stimuli. Perhaps the simple object stimuli provide a
greater degree of association; thus Ss assimilated them quickly and
remembered them longer than geometric shapes.

Prompting. In this study, prompting had an over-all dramatic
and powerful impact on learning or recall of information. The large
B main effect provided evidence that the power of this phenomenon in
this research was much greater than anticipated. The most apparent
finding of the total eleven significant interactions was that seven
involved the prompting condition. The results suggested that prompt-
ing greatly reduced the amount of information that Ss had to assimilate.
Non prompted items contained the same information, but all of it had
to be scanned or assimilated quickly. As a result of prompting, Ss
could concentrate on parts of the stimulus array thereby reducing
decision uncertainty and the necessary decision time to respond.
Another added element that might favor prompted items was the per-
ceived ciagree of difference in difficulty level between prompted and
non prompted items. Perhaps the prompted items were too easy, and
by contrast, a feeling of frustration was produced in Ss as they
faced even moderately difficult non prompted items which in turn
caused them to respond carelessly or in a half motivated manner.

The end result was poor, even chance, performance levels on non

prompted items.
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Statement of the Problem

This research was initiated to examine the extent to which
undergraduate college students are affected by and remember coior
stimuli. Various colored objects or silhouettes were presented for
testing in two films. In one film, Ss reacted to color names while
in the other they responded to color chips. The filmed tests
duplicated instructional film features where possible. Color charac-
terized as low and high codable was included with silhouettes which
represented certain simple objects and certain geometric fcrms.

Some items asked questions about colors while other items quijzzed
Ss about position information. In addition, half of the items were

prompted while the other half were not.

Design of the Study

Verbal cueing, prompting, type of question, stimulus silhouettes,
and color codability represented the five factors studied in this
research, These factors were developed into stimulus scenes for
study via the 16mm motion picture film medium., All stimulus scenes
or treatment conditions were randomized throughout each film to
control for practice, fatigue, and other effects.

The statistical design used in this research was a multi-
factor analysis of variance with repeated measures. Because of the
reduced error variance, this design provided a greater possibility

for detecting small differences. Also, this design was selected
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because it permitted an efficient use of Ss, and, in this study,
order effects were small when compared to treatment effects. Finally,
all factors were assumed to be fixed since the levels were selected
by a systematic or non random procedure. |

The 86 Ss used in the experimental sessions were male and female
undergraduate students who volunteered for the experiment to ful£ill
a course requirement. All Ss selected for the experimental sessions

were screened for color blindness with the Pseudo-Isochromatic Color

Plates, Finally, the Ss were randomly assigned to one of the two |

experimental sessions with 43 Ss in each session,

Summary of Findings

There is no difference between Ss' average performance on high

codable colors as compared to low codable colors. This hypothesis

is rejected at the .01 level of confidence, It is indicated by the
data that Ss scored higher on high codable colored stimuli than on
low codable colored stimuli.

There is no difference between the mean criterion performance

of Ss who viewed Film A as compared to Ss who viewed Film B, This

hypothesis is not rejected. It is indicated by the data that the
verbal cues or color names did not reinforce or add significantly
to Ss' memory of colored stimuli.

There is no difference between Ss' average performance on color

items as compared to position items. This hypothesis is rejected at

the .01 le el of confidence. It is shown by the results that Ss

scored higher on position items than on color items.
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There is no difference between Ss' average performance on

simple objects as compared to geometric shapes. This hypothesis is

rejected at the .0l level of confidence. It is indicated by the data
that Ss scored higher on simple object stimuli than on geometric
shape stimuli.

There is rio difference between Ss' average performance on prompted

items as compared to non prompted items. This hypothesis is rejected

at the .01 level of confidence., It is indicated by the results that

Ss scored higher on prompted items than on non prompted items.

Conclusions

The investigation pursued in this study appears to partially
support the notion that colors have varying degrees of value as
cues or aids to memory of stimulus infomatién. The Ss, when
responding to the high codable colored stimuli, had significantly
higher scores than when responding to the low codable colored stimuli.
From the significant interactions it is concluded that high codable
colors are most effective under prompting conditions, with a position
question and when Ss responded tc an array of color nares. This trend
is not evident for non prompted items.

'I'he' present research provides little information as to the dif-
ferences between responses to color names and color patches. The Ss
apparently responded to color patch alternatives about as easily as
the Ss wﬁo responded to color name alternatives. Thus, the theory
that verbal cues; i.e., color names; would provide Ss with more
usable information is not supported in this study. Perhaps a reason

why Whorf's theory is not supported is due to the condition of
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"stimulus overload" that Ss experienced. Thus, color names become
non functional in this task for Ss who already had a great deal of
information to assimilate in a short period. Perhaps another reason
is that, in the present study, responses to non verbai stimuli were
somewhat easier than under earlier research conditions. The Ss
might have found it easier to match the color patch, rather than the
color name, to the appropriate cclored stimuli., In addition, there
may have been disagreement among Ss as to the color names assigned to
the low codable colors. This possible conflict may have lowered the
scores on the color name film task.

In the present study, Ss consistently scored higher on position
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items than on color items. Several studies, reported by Otto and
Askov, (1968, pp. 155-164), have been conducted to check color or
form preferences in matching tasks. Some studies indicated that Ss
perform better on tasks in which they were prompted by cclor cues
rather than shape or form cues while other studies indicated the reverse.
Perhaps different individuals prefer different cues. Some individuals
may like color cues while others may prefer form or shape cues.

It is concluded that Ss generally established priorities within
a stimulus field to maximize or insure higher scores, They concen-
trated on features which they believed they would most likely get
correct because of the reduced information processing requirements.
Thus, position items may have seemed easier.

It is concluded that, over-all, Ss responded better to simple
object stimuli than to geometric shape stimuli. The Ss may have had

greater past experience with the simple object stimuli thereby,
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providing a greater degree of association. Thus, the Ss assimilated
simple object stimuli quickly and remembered them longer than geometric
shapes.

It is concluded that the pr‘wompted items were too easy and perhaps
the non prompted items were too difficult. Thus, this contrast between
jtem difficulty may have biased the findings in the present study.
Prompting greatly reduced the amount of informaticn that Ss had to
assimilate. Thus, Ss rrobably perceived prompted items as being
easy while non prompted items were considered overly difficult. This
may have resulted in a lack of motivation among Ss when presented
with non prompted items. The end result was poor performance on
non prompted items.

Tt is concluded that interactions containing prompted and non
prompted items are difficult to interpret. This is due to the
relative high scores on prompted items and the relative low scores
on non prompted items. It may be difficult to interpret trends when
scores near the upper limits, as under prompting, or when scores are

close to zero, as under non prompfing.

Recomnendations

Differences appear to exist between colors as they interact in
instructional materials. Thus, it is recommended that the Brown and
Lenneberg study be replicated. Perhaps latency measures should be
taken again on the original 24 colors used in their study. A
particular research strategy could be followed which would yield
maximum information at minimal cost. First, comparisons between

color chips should be made exactly as specified in the Brown and
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Lenneberg study. Second, the 24 color chips should be still photo-
graphed with high quality color film so that 35mm color slides can

be similarly compared, If there is a high degree of latency score
correlation between the two methods, then the same procedure should
be conducted with high quality 16mm color film., Thus, if similar
high correlations are found between direct viewing of color chips and
transparent color film, then statements about the effects of color
codability on memory of filmed stimulus information could be made
more readily. In addition, a study of the effects of color on
memory between the direct viewing medium and the projected transparent
image medium might be possible,

There appears to be a void in the literature when one examines
the color codability factor, Perhaps there is a need for the develop-
ment of a color codability scale since the color codability factor
is not related to the Munsell notation system in any direct way. An
interval or ratio scale might be helpful in terms of actually measur-
ing the codability of a given color. Thus, further research is needed
on the value of color cues in instructional materials. This view is
supported by the work of Otto and Askov (1968). They state that:

« + o color has been used to carry basic information, but

little has been done to make use of the existing research,

probably because the cue value of color in learning is

still essentially unclear (p. 161).

Color versus position-form information was examined in the pre-
sent study. It is recommended that future similar studies of informa-
tion processing be conducted. However, the number of alternatives

from which Ss must select should be equal for both color and position-

form items. If a decision is made not to study position information,
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then it is recommended that the number of color alternatives from

which Ss must select be reduced from eight to either four or five.
Thus, if four colored objects are presented in a stimulus array,
the same four colors should perhaps be used with four altermatives
in the response section of the test,

It is indicated, from the results in the present study, that
stimuli have differing effects on learning. It still is unclear
whether this effect is related to the meaningfulness of stimuli.

It is recommended that further research be conducted to determine the
effects of stimuli meaningfulness on learning. Do some stimulus
conditions provide greater meaning? If so, are they assimilated
more quickly and remembered longer?

In future similar research involving prompting, it is recommended
that the prompting condition be modified. The color testing films
should be edited so that the prompt states something like the following:
"Note the truck" rather than "Note the truck's color." An additional
condition in the present study could have made the non prompted items
even more difficult. Non prompted stimulus scenes may have flashed
on the screen without Ss being aware they were there. Whic would be
the effects of a prompt like an item number? Thus, the audio portion
would always cue the Ss that another stimulus array was about to be
presented; i.e., "Item 23," Perhaps,if the degree of differences
between prompted and non prompted items was not as great, trends could
be pictured more clearly. The interaction effects may be unclear
when Ss score overly high on some items and at the same time below
"normal" on other items. Thus, these interactions should be inter-

preted carefully.
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Finally, for the practictioner, a statement by Otto and Askov,
(1968, p. 164) seems most appropriate in terms of the effects of
color in instructional materials.

It seems clear that color cues tend to be most useful when
other cues are minimal, but much of the existing confusion
seems to arise from the factthat different age/ability/
skill development groups respond differently to available
cues.
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APPENDIX C
COLOR NAMING TASK

Your task is to determine appropriate names for each color chip
in the display. look at the display's eight colored chips. Note
that each chip has a code letter. Now, loock at the colum of
letters in the lower left of this sheet. There, record three
names for each color.

1st choice 2nd choice 3rd choice
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T - ues

T - szTRW

T - uoaq moTI=A
T - MOTT®A

1 - PTo3 juamg

T - PTo3 Teaspay
T - PIe8 AQarp

T - p1o3 pIO

T - PT08 MoTT34
Z - MOTToA paelsnu
- paejsmut

6T - PTO3

0T/L AS°C

T - anIq anxay

T - =201q daep

T - ontq tadeo
T - anq y3taq
L — anTg [cAox
£Z - =onlq

0T/t ddS

T - TfEey

T - asnaxyIeyo
T - usaa3d Y311 Z - ssox jydrtaq
T - usaad MoTToA T - >urd dasp
Z - usauald ssou T - >urd Bupypooys
¢ - usaud vad T - ptyao
¢ — usaud opeoear T = ®sox Y317
g - opeoeap g€ - yurd 3oy
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Z = UMOIQ MJIEp T ~ 98uexo utydumd

T - 93eToo0YD T - suraeduel

€ = uMoaq a3eToooyd € - aduego juang
gZ - uwouq 82 - 93ur10
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SJIOTO) STqepPo) Y31H
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T - uautes

T - s8teq asox

T - >utd Asnp

T - >urd to3sed
Z - >urd BT

¢ - >utd ysery

S - yssi3z

12 - urd

h/8 US°L

T - P03 moTTa4

T - MOTT24 ydraq
T - MOTT3A aead

T - MOTT3A AQarp

T = surysuns

T = #0794 unipau
T - MOTT9A deop

T - paeysnu

T - MOTT9A paejsnu
T ~ usaad moTTad

¢ - ssnauaeyo
Z2C - MOTT2A
Z1/8 AS
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APPENDIX E

COLOR NAMES USED IN FILM A

Color Munsell Notation

A 5Y 8/12

B 2.5YR 6/14

C 5YR 3/4

D 5PB 4/10

E 7.5R 8/4

F S5RP 6/10

G 7.5Y 6/8

H 2,5Y 7/10

A b A |

Name

Yellow

Orange

Brown

Blue

Pink

Rose

Green

Gold

it AT mmr b -
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APPENDIX G

1. There is no systematic pattern in which stimulus objects, colors,
or cues will be presented. These conditions are random.

2, The backgrounds are consistent. They always appear in a given
crder for both information and test scenes. Use the backgrounds
to aid your recall of objects, colors, an¢ locations.

3. Each information array will be presented for two seconds while
each test scene will appear for eight seconds.

4, look at the screen after you have answered an item or you could

miss the next stimulus scene since every item is not prompted.

5. Due to limitations in processing techniques, there may be places
where the colors will be lighter or darker. These were intended
to be the same colors you saw previously but scme phase of
processing may have changed a few of them.

6. Is everyone comfortable? Can you see the screen? Is your pencil
sharp, and is your booklet on Page 1? Are you ready?

7. Item 1 will appear as soon as the projector starts.
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